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Resumo

Os residuos organicos representam metade dos residuos urbanos gerados no Brasil, sendo 30% originados de frutas. Em
busca de novas alternativas de reaproveitamento desta biomassa, o presente trabalho avaliou a produgio de etanol a partir
da biomassa de banana, maca, laranja e mamao gerado em estabelecimentos comerciais da cidade de Vassouras/RJ. Os
produtos destilados oriundos do processo de fermentacdo da biomassa de frutas foram caracterizados com relagdo aos
compostos volateis (acetaldeido, acetona, acetato de etila, etanol, metanol, alcoois superiores isopropanol e isoamilico).
Os resultados apresentaram um teor alcool promissor de acordo com os trabalhos encontrados na literatura.
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Abstract

Organic waste accounts for half of the urban waste generated in Brazil, 30% of which originates from fruit. In the search
for new alternatives to reuse this biomass, the present study evaluated ethanol production from banana, apple, orange
and papaya biomasses generated in commercial establishments in the city of Vassouras/RJ. The distilled products from
the fruit biomass fermentation process were characterized regarding volatile compounds, acetaldehyde, acetone, ethyl
acetate, ethanol, methanol, higher alcohols, isopropanol and isoamylic. The results indicate promising alcohol content

according to the literature..
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Introduction

Organic waste has become a recent and severe
problem, due to population increases leading to increased
food consumption and, consequently, increased waste.
One of the most important problems faced by society
in this regard is the correct destination for this waste.
One way to prevent this biomass from being disposed
of improperly would be to transform them in energy
sources (Schramm, 1992).

Waste and the inappropriate disposal of energy
sources have led to a reevaluation of the waste culture,
with the emergence of innovative technologies in this
area, aiming at waste reuse, leading to novel renewable
energy sources. Concerns regarding environmental
issues and increased oil costs justify the interest in
obtaining fuels from renewable sources. In this context,
ethanol produced from biomass appears as a promising
alternative to replace oil products, thus contributing to

reducing pollutant emissions.

According to the United Nations Food and
Agriculture Organization (FAO), Brazil loses around
64% of its entire annual food production. Data indicate
that vegetable losses account for an average of 37 kg/
hab/year, while the consumption of these foods does not
exceed 35 kg during the same timeframe (FAO, 2008).
The integral use of fruits and vegetables (pulp, husks,
stems and leaves) for the development of new products
is a clean technological alternative within reach of
several segments, both industrial and residential (Silva,
2009).

Due to climate, Brazil is noteworthy as a major
fruit producer. However, most of this production is lost,
either by natural degradation, pulping during handling, or
imperfections that make commercialization unfeasible.
The consumer market is very demanding as to fruit
quality, and products undergo a careful selection based
on disease infestations and physical defects, which has
led to a 30% discard of the national production in the
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last years. Among fruits that suffer the most wastes are
bananas, oranges, apples and papayas.

During alcoholic fermentation, yeast produce
secondary products, such as glycerol, high alcohols
(whose mixture forms fusel oil) and organic acids,
with an emphasis on succinic and pyruvic acid. These
compounds can be marketed to the chemistry industry,
especially fusel oil (consisting predominantly of isoamyl
alcohol), which can be used to produce solvents,
varnishes and perfume fixatives (Gutierrez, 1991; Usina
Sao Luiz, 2014).

In this context, this study proposes the recovery
and use of discarded biomass from a commercial
establishment in the city of Vassouras/RJ for bioethanol
production through alcoholic sugar fermentation by the
yeast Saccharomyces cerevisiae.

Materials and Methods

This study was carried out in the physico-
chemistry laboratory at the Vassouras University, where
the fermentation and distillation tests were conducted.

As a preliminary test, the process fermentation
of main Brazilian waste fruits (banana, papaya, apple
and orange) was evaluated aiming to investigate which
fruit or mixture of fruits results in greater alcohol and
fermentation byproduct yields.

Improper fruits for commercialization used herein
were kindly provided by a fruit establishment located
in the city of Vassouras — RJ. The establishment in
question discards around 50 kg of solid waste per week,
without reuse. A total of eight samples were prepared
using different combinations of the four fruits and
samples containing 100% of each fruit, resulting in 8
biomasses 300 grams each. The samples were classified

displayed in Table 1.

The samples were ground with the addition of
100 mL distilled water. Figure 1 shows the fruits and
the worts prepared for the fermentation process.

One hundred grams of biological yeast containing
S. cerevisiae and 400 mL of distillate water were added
to each wort sample. The samples were then sealed with
film paper and stored at room temperature for 7 days.
After fermentation, the filtered wort was distilled for 4
h.

The effects of fermentation time and inocula
mass for ethanol and distillation product production
were statistically evaluated through an experimental
design. The pH and the °Brix during fermentation were
analyzed. The ethanol content of the distilled samples
was determined through density and then calculated the
specific mass. The results are found through the AOAC
reference table, where the value obtained in the specific
mass calculation is used as a parameter, in its respective
column, indicating its alcohol content in a 20/20 column
(Table AOAC Official Methods of Analysis- Reference
Tables- Appendix C- Ethanol AOAC 60 °F (%v/v)).

Volatile compounds and alcohols from the
alcoholic fermentation were analyzed on aAgilent 7890B
chromatograph. The standard solution concentrations
were as follows: acetaldehyde: 0.10149 mg/L, acetone:
0.2011195 mg/L, ethyl acetate: 0.1012986 mg/L,
methanol: 0.2003198 mg/L, propanol: 0.201798 mg/L,
isobutanol: 0.1016982 mg/L, isoamyl acetate: 0.1014984
mg/L and isoamyl alcohol: 0.09996 mg/L. The capillary
column was set at a maximum flow of 2 mL/min, with
the following operating conditions established through
previously performed tests: initial temperature of 60 °C
during the first 10 minutes until the first ramp of 70 °C,
for 3 minutes, with a second ramp until 80 °C, maintained

Table 1. Fruits and their respective wortsprepared for fermentation.

Sample Composition
Al 1007 banana
A2 100%: apple
A3 1% papaya
Ad 100%% orange
A3 55% banana 15% apple, 15% papaya, 13% orange
Ab 53% apple, 13% banana 13% papaya, 13% orange
AT 55% papaya, 13% banana, 15% apple, 15% orange
Al 33% orange, 15% banana 13% apple, 15% papaya

59



Da Silva et al., 2018.

Figure 1. Fruits and their respective worts prepared for fer-

mentation

Table 2. Results for pH, °Brix and alcohol produced through the fermentation and
distillation processes in the fruit waste samples evaluated herein.

Samples Initial pH “Brix Final pH
Al 485 1032 418
A2 ER:) | 3.32 303
AJ 5.08 4.02 384
Ad in 4352 325
A3 458 5.84 479
Ab 421 3.83 405
AT 461 448 402
AS 3.87 3.56 433

for 5 minutes and finally a last ramp up to 120 °C for
10 minutes. The set rate for ramp temperature was
of 10 °C/min. The FID detector point is given at 100
°C. The GC cycle from the headspace to the final
race time was of 34.33 minutes. Nitrogen was used
as the entrainment gas.

Results and Discussion

Concerning pH, the results obtained herein
corroborate literature data as quoted by Torres et al.

(2006). According to these authors, fermented fruit
usually presents pH ranging between 3.0 and 4.0.
However, variations in alcohol content reported by
different studies are observed, such as the study by
Azevedo (2007), who obtained 5% alcohol from
persimmon biomass, and the report by Bortolini,
Sant’anna and Torres (2001), who obtained
alcoholic percentages between 38, 65 and 47.23%
from kiwifruit. These variations can be explained
due to the different operational conditions applied
to the fermentation processes. Ethanol pH and
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concentration after fermentation are in accordance
with literature data for fermented fruit. Regarding the
remaining °Brix, total sugar consumption by yeast was
observed.

Debaji and Vimalendra (2011) produced
bioethanol from apple and banana residues, with 38%
alcohol yields, while Pezani and Biti (2010) produced
bioethanol from tropical fruits at 10% yields. Misha
et al (2012) produced alcohol from pineapple residues
(1.78%), lemon residues (1.46%), and banana peels
(3.98%), while Cruz (2014) obtained satisfactory
alcohol percentages from banana, apple, orange,
mexican papaya and avocado samples, ranging from 23
to 34%.

The gas chromatography results are exhibited
in Table 3. Each result is displayed as a chromatogram
(Figures 2 to 9).

According to the °Brix analyses, sample Al,
comprising 100% banana, presented higher sugar
concentrations and, consequently, higher ethanol

volume. Because of this, experiments were carried out
to evaluate banana biomass fermentation as a function
of the fermentation time and inocula mass.

Variations between the acetaldehyde results
can be explained due to its formation process during
fermentation. According to Valsechi (1990), this
compound is originated from the action of oxidizing
enzymes from the yeast itself or from alcohol oxidation
by the influence of air oxygen. Therefore, differences
may be due to yeast enzyme performance and the
influence of external media. Acetaldehyde is consumed
throughout the process and simultaneously to its
decrease, high alcohols are formed, which in this case
comprise propanol, isobutanol and isoamyl alcohol.

Conclusions

The feasibility of obtaining alcohols from the
different combinations of discarded fruit biomasses

Table 3. Chromatograms of the distilled samples evaluated herein.

Ethyl Isoamyl Iscamyl
Samples  Acetaldehyde — Acetome Methanol Propanol Isobutanol
Acetate Acetate  Alcohol
Al 20.019 0.047 101.B67 10.202 134 623 221.379 0.027 564.104
AZ 5.726 0.009 19712 2841 £0.493 159,850 0.016 1g7.197
Al 4.732 54912 1.38E 105.200 280261 0.016 182246
Ad 12.611 0.047 116.726 2248 95.541 231.183 0.018 454 445
AS 26.140 0.023 59367 16.068 60.142 240,532 0.069 426259
AB 25311 . 151.531 B3B3 218632 223.016 0.021 348008
AT 7.733 0.006 163.043 20.1599 40,675 180974 0.052 168.586
AR 14.11% 0.552 29.330 53.675 103.749 322,596 0.009 122,355
Note: the acetone for samples A3 e A6 were not detected.
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Figure 2. Sample A1 chromatogram.
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Figure 3. Sample A2 chromatogram.
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Figure 4. Sample A3 chromatogram.
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Figure 5. Sample A4 chromatogram.
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Figure 6. Sample A5 chromatogram.

62



Da Silva et al., 2018.

Mame
0 ;
] o
=] L] =
= |
24 = s o |
2 8 B
} o Y | Wil
— e _§ I _?EE
: =
4 4 . . . e
0.0 25 5.0 7.5 10,0 125
Figure 7. Sample A6 chromatogram.
Name =
o i
o
o
=)
2 B B
e s
= z 3
2 [} o
8 3 5
< < E
! Z0
=
-4 -+ < . .
0.0 25 5.0 76 10.0 125
Figure 8. Sample A7 chromatogram.
MName
a
2 a
v 5z
= 0 L
2 = =g
i @ i
: L]
< £ 8
g 8
< <
4
0.0 - 5.0 5 10.0 12.5

@
| E
It a
-
|
. LB 8 . 2
' ' F = E | E
| i - = ] I -2
i | B g 8 @ {
! e Bl IS = !
e . S, ! 3 oL
_____ - E | :G"_':r"lg‘-"'"--.a.._......_eg -—’------.{
o = <L |
B A T L L D, | T 1 -4
15.0 17.5 200 225 25.0 275
Minuies
L)
E o
m
[=]
L.
=2 =]
= -]
o= =
. =B E 2
5 g B g
5 £ 3
i [=
g8 3
o ] <
v . . iy
15.0 17.5 200 225 250 28
Minyutes
.m N
= 0
o
L=
L.
[=]
g i
(=]
= W w 2
= g & 3
E 2 =
A A [
=] B 2
o w T
-4
15.0 17.5 200 725 250 275
Minules

Figure 9. Sample A8 chromatogram.

from an establishment in the city of Vassouras (RJ) was
verified. The results presented a promising volume of
alcohol, according to studies published in the literature.
Biomass reuse for alcohol production contributes as
an environmentally correct alternative to add value to
these wastes. According to this study we conclude that
the banana biomass has the best results, because of its
higher sugar concentrations. The analyses indicated
the presence of acetaldehyde, acetone, methanol, ethyl
acetate, propanol, isobutanol, and isoamyl acetate and
isoamyl alcohol, in different concentrations.
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